; p = 0.0004), the plaque substrate for thrombosis was erosion. Healed infarcts were found in 37.5% of men v 22% of women (p = 0.01). Heart rupture was more common in women than in men (22% v 10.5%, p = 0.01). The distribution of infarcts, thrombus location, heart rupture, and healed infarcts was similar in cases of plaque rupture and plaque erosion. Conclusions-Plaque erosion is an important substrate for coronary thrombosis in patients dying of acute myocardial infarction. Its prevalence is significantly higher in women than in men. (Heart 1999;82:269-272) 
Plaque rupture is the major local substrate for acute coronary thrombosis, causing unstable angina, acute myocardial infarction, and sudden ischaemic death. [1] [2] [3] The vulnerable plaque that is prone to rupture consists of a necrotic core with a thin fibrous cap infiltrated by inflammatory cells, 4 especially metalloproteinase-rich macrophages. 5 6 The most frequent site of plaque rupture has been localised to the shoulder region, 7 where thrombogenic, atheromatous material is exposed to luminal flow. 8 The corresponding angiographic pattern is that of multiple luminal irregularities. 9 Plaques that do not have a core or have a thick fibrous cap are not vulnerable to rupture.
It has recently been shown that acute coronary thrombosis causing sudden ischaemic death may arise from two diVerent underlying plaque morphologies: superficial erosion and plaque rupture. [1] [2] [3] Of 50 cases of coronary thrombi identified in subjects who died suddenly (mean (SD) age, 44 (7) years), 44% had plaque erosion and 56% ruptured plaques. 10 This observation suggests a new pathogenic hypothesis for local thrombogenic substrates and widens the morphological spectrum of risky coronary lesions in vivo.
Our aim in the present study was to evaluate the prevalence of plaque erosion as a substrate for acute thrombosis in patients who died in the hospital from acute myocardial infarction and did not receive thrombolysis or any coronary interventional procedures.
Methods

PATHOLOGICAL SERIES
Since 1985, the entire epicardial coronary artery tree and necropsy heart samples from patients with and without a clinical diagnosis of ischaemic heart disease have been subjected to histopathological investigation in our institution.
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Of 2304 consecutive hearts (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) (1995) (1996) , 1335 were from patients with a clinical diagnosis of heart disease. We excluded all patients who died from non-cardiac causes with major non-cardiac pathology (cancer, pulmonary embolism, hepatic cirrhosis, cerebral haemorrhage, pancreatitis, and so on). Of the 1335 hearts, 685 were from patients with acute myocardial infarction.
To investigate the characteristics of plaque morphology in acute coronary thrombosis, we included patients who died from both Q wave and non-Q wave acute myocardial infarction. Patients who had received thrombolytic treatment or myocardial revascularisation-surgical or percutaneous-within one month of the clinical diagnosis were excluded. We also excluded all patients who had had one or more The hearts were fixed in 10% buVered formalin overnight and the major epicardial coronary arteries were dissected free from the hearts according to previously described methods. 3 11 The left main, left anterior descending, left circumflex, and right coronary arteries were excised intact, and the latter three arteries were divided into proximal, middle, and distal portions. In all cases, the first diagonal, first obtuse, and posterior descending branches were also excised and divided into 3-5 mm segments. When necessary, coronary arteries were decalcified before cutting, by previously reported methods. 3 11 The major coronary arteries were sectioned at 5 mm intervals, embedded in paraYn, cut at 5 µm thickness, and stained with haematoxylin-eosin and Movat Pentachrome. The ventricles were "bread loafed" at 1.5 to 2 cm intervals. Full thickness samples extending from endocardium to epicardium of the walls of the right and left ventricles were cut from each heart for histological study.
Coronary thrombi were identified by site and number in the coronary tree, and classified histologically as acute or recanalised/organised. Old recanalised thrombi were not considered further. The distribution of acute myocardial infarction and ventricular scars was correlated with the site of thrombosis, and the presence of ventricular wall rupture was determined pathologically. Coronary sections containing thrombi were identified by light microscopy and when evidence of rupture was not found in this first set of sections, serial cuts were done from the corresponding paraYn block to examine the entire segment of coronary artery containing the thrombus.
DEFINITION OF PLAQUE RUPTURE AND EROSION
Ruptures were defined as the presence of a luminal thrombus in continuity with the necrotic core and an interrupted plaque cap 10 ( fig 1) . When necrotic material was mixed with thrombotic material at any level of the thrombus, the thrombus was considered to have been the result of plaque rupture. A thrombus was assumed to have been the result of plaque erosion when there was no continuity between the thrombus and the necrotic core and where the thrombus was in direct contact with the fibrointimal plaque (fig 2) . 10 A few plaques which had indirect signs of ulceration exclusively, without evidence of contiguity between atheromatous and thrombotic material or cap interruption, were assigned to the plaque rupture group.
STATISTICAL ANALYSIS
Numerical data are presented as mean (SD). Continuous variables were compared with analysis of variance, and categorical variables were compared by the 2 test (Statview Software, Version 4.01). A probability (p) value of < 0.05 was considered significant.
Results
Acute coronary thrombi were identified in 291 coronary arteries. In 74 plaques, the lesion underlying the thrombus was defined as erosion, based on the above criteria. In these plaques we did not find any direct or indirect evidence of continuity between atheromatous and thrombotic material (fig 2) . Thus overall, 25% of the thrombi found in patients with acute myocardial infarction occurred over non-ruptured plaques (plaque erosion), while 75% occurred over ruptured plaques.
Plaque erosion was more common in women: 40 of the 107 women with coronary thrombosis (37.4%) and 34 of the 184 men (18.5%) showed features of erosion (p = 0.0004). Sex was the only variable significantly associated with plaque erosion; infarct size, more than one thrombus in the coronary tree, and the specific artery containing thrombus were distributed similarly among the two types of plaque lesion (table 2) .
Heart rupture was more common in women (22%; 24 of 109) than in men (10.5%; 20 of 189) (p = 0.01) (table 3). Rupture involved the free ventricular wall in 38 patients, the interventricular septum in five, and the papillary muscle in one. The site of rupture was not significantly associated with the type of plaque lesion underlying the thrombus.
Myocardial scars were more common in men (37.5%; 71 of 189) than in women (22%; 24 of 109) (p = 0.01) (table 3). No association was found between erosion/rupture and presence of previous scars.
Multiple thrombi were found in 29 coronary trees (17 from men and 12 from women). In three of the 29 patients, all men, we found three thrombi in three locations in the coronary tree. No significant association was found between erosion/rupture and multiple thrombi in the coronary arteries.
Discussion
We have documented that a relatively large proportion (25%) of plaques underlying coronary thrombosis in patients with acute myocardial infarction do not show any rupture on multiple serial sectioning. Plaque erosion could only be identified by histopathological criteria. This current study of patients who died in hospital from clinically documented acute myocardial infarction confirms previous observations in sudden coronary death victims, in whom plaque erosion was found to underlie acute coronary thrombosis in about 44% of cases. 10 The implications of these findings are of practical importance. Plaque erosion may occur in fibrous plaques in which the atheromatous component is absent, or in plaques in which the core is separated from the lumen by a thick fibrous cap. The profile of a vulnerable plaque is of a large eccentric lesion with a sizeable atheromatous core, a thin cap, a weak shoulder, and inflammatory cells clustered within the shoulder. However, even plaques without a core, or with a thick cap, may form the substrate for an acute occlusive coronary event. Therefore, coronary lesions with smooth morphology on angiography may have thrombogenic potential, and the predictive value of angiographic characterisation of vulnerable lesions only applies to plaques in which the pattern is one of plaque rupture. 1 9 Furthermore, one cannot rely on multiple irregularities as a pattern common to all thrombi in patients with acute myocardial infarction in predicting rapid, non-linear plaque growth. 12 13 We have identified plaque erosion in one quarter of all the plaques underlying acute thrombus in patients with acute myocardial infarction. In our series, however, this proportion probably underestimates the true prevalence of this pattern because all "uncertain" lesions were classed as plaque ruptures. Furthermore, plaques with some evidence of haemorrhage but without identification of the point of rupture were also classed as ruptured plaques. In a plaque with luminal thrombus, if the atheromatous core showed haemorrhage our interpretation was that the point of rupture had been missed. The prevalence of plaque erosion in women was significantly higher than in men (37.4% v 18.5%, p = 0.0001). These data agree with previous observations by Farb et al, 10 who found a much higher prevalence of erosion in women who died suddenly than reported in men (p = 0.001).This observation suggests that in women, plaques are morphologically diVerent from those observed in men or, alternatively, that even within similar lesions the thrombogenic potential is greater in aVected women than in men. This observation merits further investigation both for diVerences in local plaque substrate and in relation to the mechanism of thrombosis. Recent studies have shown that the risk of erosion is greater in female smokers less than 50 years old than in older women. 14 These observations suggest that both the risk factors for the disease and the disease itself are, at least in some respects, different in the two sexes.
In the current study, the prevalence of cardiac rupture was significantly higher in women than in men. There is little controversy that cardiac rupture aVects women at least twice as often as men. 15 On the other hand, our study corroborates the observation that myocardial scars, either subendocardial or transmural, are more common in men than in women. 16 This may signify a "longer" disease history in the male population, with a higher incidence of adverse events. It has been reported that cardiac rupture occurs more often in hearts in which acute myocardial infarction is the first clinical ischaemic event. 17 In other words, an acute myocardial infarct undergoes rupture when healthy nonischaemic myocardium works eYciently against the weakened necrotic wall. In support of this, cardiac rupture and previous scars were inversely related in our series (table 3) .
Finally, our series is unusual because we only included patients with acute myocardial infarction who had not been treated with thrombolysis or interventional procedures and who had not undergone previous revascularisation. Our series did not include all fatal cases of acute myocardial infarction seen during the study period, as the cohort was further subselected on the basis of a single pathologist's experience. This population may not therefore be representative of current treatment for acute myocardial infarction. However, the information derived from our study contributes to a greater understanding of thrombogenic substrates in coronary arteries and confirms published data in sudden ischaemic death. 10 14 Furthermore, knowing whether the underlying lesion of thrombosis is a plaque rupture or erosion is not likely to influence the therapeutic approach. To date, it is not known whether an open atheromatous necrotic core after thrombolysis is more thrombogenic than an eroded plaque which remains unmodified following treatment. Furthermore, after eVective thrombolysis, a ruptured plaque may lose the atheromatous necrotic material, thus contributing to a greater likelihood of final lumen patency. In contrast, an eroded plaque is likely to maintain its original size even after thrombolysis. It is most likely that percutaneous transluminal coronary angioplasty will result in similar outcomes in both lesions. This discussion will remain speculative until angiographic studies performed before and after successful thrombolysis begin to assign specific angiographic appearances to the erosion pattern.
CONCLUSION
Plaque erosion is an important local substrate for acute coronary thrombosis in patients with acute myocardial infarction, especially women. Our data suggest that there are diVerences in plaque formation or local thrombogenic potential in men and women with coronary artery disease.
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